INTRODUCTION
The wealth of experimental opportunities offered by the development of tunable dye lasers has impulsed a recrudescence of interest towards highly excited atomic levels. On the other hand the importance of the problem of the behaviour of such levels submitted to a strong magnetic field is attested by the proceedings of the 1982 meeting in Aussois (1) . We report here about some experiments of optogalvanic spectroscopy performed on krypton and xenon Rydberg and autoionizing levels in zero and strong magnetic field. A part from the fact that optogalvanic methods come immediatly to the mind for the detection of levels which ionize easily, their use in the case of rare gases arises naturallysince laser excitation of these atoms in the vicinity of their ionization limits requires the previous population of their lowest excited levels by the mean of a discharge.
EXPERIMENTAL PRINCIPLE A) Energy levels and excitation scheme (figure 1)
The ground state of a rare gas atom corresponds to a ns2np6 configuration. The only excited configurations i< which we are interested here are obtained by 'the excitation of a p electron thus giving rise to two sets of levels built on the two 2 2 possible states p3,2 and pIl2 of the np5 ionic core and to two corresponding ioni-'assoeig au C.N.R.
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EXPERIMENTS I N ZERO MAGNETIC FIELD

A) Krypton Using a sample of i s o t o p i c a l l y e n r i c h e d 8 6~r '
we were able t o d e t e c t a g r e a t number of Rydberg and autoionizing l e v e l s excited from l e v e l s of 4p5 5p and 4p5 4d configurations with a very good s i g n a l t o noise r a t i o . W e were p a r t i c u l a r l y i n t e r e st e d i n the l e v e l s of t h e nf s e r i e s which could be e x c i t e d f o r n = 9 t o 32 from lev e l s of 4p5 4d configuration.These s e r i e s a r e strongly perturbed by the l e v e l s of 4p' 7p' configuration and t h e study of t h e evolution of theix f i n e s t r u c t u r e allowed The agreement between our r e s u l t s i s very s a t i s f a c t o r y f o r us since indeed thes e authors determined t h e i r value by e l e c t r i c f i e l d i o n i z a t i o n d e t e c t i o n of Rydberg l e v e l s excited i n an atomic beam : a method which would i n p r i n c i p l e allow very p r e c i s e measurements. Quantum defects 6 for the levels of the nf series of krypton versus prZncipa1 quantum xiumber n.
Using a sample of isotopically enriched 136~e and as a preliminary to the experiments in strong field described below,we could observe nf(3/2)1 series of xenon excited from 4d(1/2)0 level up to n = 60 determining thus a value of the
CI
Lp312 ionization limit for that atom :
This value is also in good agreement with the one obtained by Labastie and c011(~) in anoptogalvanic spectroscopy experiment allowing extrapolation of the line positions at zero pressure and discharge intensity.
2 We could at last determine a new value of the pIl2 ionization limit of xenon improving by the way of about one order of magnitude the precision on this value by the recording of the nf '(5/2)2,3 and nft(7/2)3, 4 fine structure doublets excited from 5df(3/2)2 and 5dt(5/2)3 levels for n = 7 to 31. As a conclusion for this resent at ion of our zero field experiments we shall state that R.F. optogalvanic spectroscopy can lead to precise experimental results provided that low pressures and low dischar~e intensities are used.
STRONG FIELD EXPERIMENTS
The problem of Rydberg atoms submitted to a strong magnetic field has been the subject of various theoretical and experimental works in the recent years (1). Important experimental advances were achieved by Gay and coll (6.7) and Castro and coll (8) . Gay particularly pointed out the advantapes of performing high resolution experiments on quasi hydrogenic series. Optogalvanic spectroscopy of nf series of xenon (6 %.055) offers the opportunity for such an experiment.
The hamiltonian describing an hydrogen atom placed in a magnetic field may be written in spherical coordinates in the followin2 way :
m and e being the electron mass and charge The magnetic field being directed along oz and the proton mass supposed to be infinite. The four members of this hamiltonian are respectively,the term of kinetic energy, the Coulomb term and two terms of interaction with the maynetic field : the paramagnetic term linear in B and the diamagnetic term quadratic in B.
The diamagnetic term varies as r2 that is to say as n4 and thus rapidly dominates the paramagnetic term for hiqh n levels, it may even become comparable or greater than the Coulomb term itself,leading to inportant alterations of the usual hydrogenic spectrum. Due to the lack of a complete theoretical treatment for the problem of an hydrogen (or quasi hydrogenic) Rydberg atom submitted to a stronr: magnetic field, the interpretation of experimental results is limited to some specific cases for which approximate treatments are available . Two cases will therefore be considered below, on the one hand the case where the effect of the diamagnetic term is small in front of the energetic interval LR between two sucn 5 cessive Rydberg levels, on the other hand the case where the problem is restricted to the interpretation of the dominant lines of the spectra.
In the first case perturbation theory may be used since levels with different principal quantum number n are not mixed and diagonalization of the diamagnetic term may be done inside each n level. Figure 4 shows the evolution of 3lf(3/2) 1 level excited from 5d(1/2)0 level in 0 polarization for values of the magnetic field going from 0 to 2 teslas . On figure 5 the theoretical positions of mR= ' 3 odd parity components of n = 31 levels are given as a function of let let us notice that in the particular case of the studied transitions the sum of spin and orbital paramagnetic terms cancels for mR = 23 components so that the observed deviations are pureiy diamagnetic).
The coincidence between these positions and the dominant lines of figure 4 is obvious. The smaller lines observed on figure 4 correspond to mR values of 0,1 or 2. The wavefunctions corresponding to the fourteen components of figure 5 are linear combinations of n = 31 mk = ' 3 R=3 to 29 odd parity states.The most intense line in the experimental spectra corresponds to the component which retains the major part of the 2 = 3 mE==*3 states. At low field due to the small quantum defect of nf(3/2)1 series this component lies below the hydrwgenic manifold, as the field is increased a series of anticrossings allows the R = 3 mp = ' 3 character to be transfered progressively to the upper component of the man~fold, so that for a field of two tesla the situation reached is analogous to that which would be obtained in a purely hydrogenic case.
The fact that the dominant lines of the recorded spectra correspond to 9, = 3 mR = +3 components gives the key for an approximate theoretical approach allowins at least the interpretation of the positions of these lines for arbitrary field values. The R = 3 mR = *3 components are indeed the ones for which the wavefunction is localized in the vicinity of the xOy plane and it is well known otherwise (6) that the Bohr Sommerfeld quantization formula allows to determine the general behaviour for the levels of an hydrogenic atom in a strong magnetic field,if the movement of the electron is supposed to be limited to the xOy plane perpendicular to the magnetic field. Figure 6 gives the results of a computation realized on the basis of this approximation,together with a set of experimental points obtained forthe nf(3/2)1 series excited from 5d(1/2)0 level in o polarization. The agreement between theoretical lkes and experimental points can be considered as satisfactory taking into account the roughness of the approximation used. At zero energy the ~n~ = constant law characteristic of the quasi Landau regime is observed and resonances are followed up to about 25cm-l beyond the zerofield ionization limit. Excitation from the 5d(7/2)3 level even allowed us to excite:discrete resonances up to l00cm-' above the ionization limit. Figure 7 shows an aspect of the quasi Landau spectrum obtained for such an excitation at an energy corresponding to the zerofield ionization limit. The fact that no decrease of the signal to noise ratio is observed as the field is increased indicates that the detection method would probably work for higher values of B. Quasi Landau spectrum obtained in a magnetic field scanning at the zerofield 2~3,2 ionization limit by excitation from the 5d(7/2)3 level.
CONCLUSION
Our experiments demonstrate that reliable results may be obtained from R.F. optogalvanic detection method which appears as an interesting tool for the study of highly excited states of rare gases in zero and strong magnetic field.
Simplicity and high sensitivity are the main advantapes of this method, the first one results from the use of electrodeless cells which may be of small dimensions, the second one allows to realize excitations start in^ from a great number of levels and not only from metastable levels. At last the fact that this method works with very small R,F.powers allows to minimize the influence of parasitic effects due to ions and electrons.
